ABSTRACT: All six naupliar stages of Stenhelia peniculata (Lang, 1965) from Auke Bay near Juneau (Alaska) are described. Naupliar morphology within the Stenheliinae differs among species and even more at supraspecific level. Nauplii of S. peniculata are characterized by the following apomorphies compared to the only other species of Stenhelia where nauplii have been studied, namely S. palustris (cf. Dahms, Bresciani, 1993) : third antennal segment bears three (S. peniculata) or two (S. palustris) medial setae at the third naupliar stage; mandibular endopod with three or four setae on outer lateral field at the sixth naupliar stage; no spinulation on mandibular exopod or strong spinulation; first maxilla with three or two setae. The nauplii of both these stenheliid species differ from those of Pseudostenhelia wellsi Coull, Fleeger, 1977 by the terminal seta of the first antenna, which is as long as the third segment (Stenhelia) or three times as long as the third segment (Pseudostenhelia); the four middle setae of the antennal endopod are of regular size (Stenhelia), instead of two of the four being much longer; the proximal seta of the mandibular exopod long instead of being short (Pseudostenhelia); their endopod having an outer lateral field with one long seta (Stenhelia) instead of having three long setae. A reaffirmation of the Stenheliinae Brady, 1880 is supported by the following stenheliinid apomorphies in the morphology of the nauplii (as evidenced from a comparison of Stenhelia and Pseudostenhelia, with all other oligoarthran harpacticoid nauplii as an outgroup): lateral edge of the naupliar shield bears protuberances on either side (Stenheliinae) instead of no protuberance (Oligoarthra); masticatory process of the second antenna is peculiarly fan-shaped distally (Stenheliinae) instead of tapering terminally (Oligoarthra); antennal exopod strongly developed, three-segmented and upwardly curved (Stenheliinae) instead of being four-segmented and never strongly developed (Oligoarthra); the whole mandible is of peculiar shape and orientation (Stenheliinae) instead of being common (Oligoarthra); the posterolateral field of the mandibular endopod bears a remarkable strong, inner spinulose spine (Stenheliinae) instead of lacking such spine (Oligoarthra); the three distal exopodal setae are of unique structure (Stenheliinae).
Ýâîëþöèîííûå íîâîîáðàçîâàíèÿ íàóïëèóñîâ
îïèñà-íû ïî ìàòåðèàëó, ñîáðàííîìó íåäàëåêî îò ã. Äaeóíî (Àëÿñêà, Auke Bay). Íàóïëèóñû Stenheliinae ïðîÿâëÿþò ìîðôîëîãè÷åñêèå îòëè÷èÿ íà âèäîâîì è, â áîëüøåé ñòåïå-íè, íà íàäâèäîâîì óðîâíÿõ. Íàóïëèóñû S. peniculata îòëè÷àþòñÿ îò òàêîâûõ S. palustris (ñì. Dahms, Bresciani, 1993) , äðóãîãî âèäà Stenhelia, ó êîòîðîãî èçó÷åíû íàóïëèàëüíûå ñòàäèè, ñëåäóþùèìè àïîìîðôíûìè ïðèçíàêàìè: òðåòèé ñåãìåíò àíòåííóë íàóïëèóñà òðåòüåé ñòàäèè ñ òðåìÿ (S. peniculata) èëè äâóìÿ (S. palustris) ìåäèàëüíûìè ùåòèíêàìè; ýíäîïîäèò ìàíäèáóë øåñòîé íàóïëèóñíîé ñòàäèè ñ òðå-ìÿ èëè ÷åòûðüìÿ ùåòèíêàìè íà íàðóaeíîì áîêîâîì êðàå; ýêçîïîäèò ìàíäèáóë áåç øèïèêîâ èëè ñ ìíîãî÷èñëåííûìè øèïèêàìè; ïåðâûå ìàêñèëëû ñ òðåìÿ èëè äâóìÿ ùåòèíêàìè. Íàóïëèóñû äâóõ âèäîâ ñòåíõåëèèä îòëè÷àþòñÿ îò òàêîâûõ Pseudostenhelia wellsi Coull, Fleeger, 1977 òåðìèíàëüíîé ùåòèíêîé ïåðâûõ àíòåíí, äëèíà êîòîðîé ðàâíà äëèíå òðåòüåãî ÷ëåíèêà (Stenhelia) èëè ïðåâûøàåò äëèíó òðåòüåãî ÷ëåíèêà â òðè ðàçà (Pseudostenhelia); ýíäîïîäèò àíòåíí â ñðåäíåé ÷àñòè ñ ÷åòûðüìÿ ùåòèíêàìè îáû÷íîé äëèíû (Stenhelia), à íå ñ ùåòèíêàìè, äâå èç êîòîðûõ çíà÷èòåëüíî äëèííåå äâóõ äðóãèõ ùåòèíîê; ïðîêñèìàëüíàÿ ùåòèíêà ýêçîïîäèòà ìàíäèáóë äëèííàÿ, à íå êîðîòêàÿ (Pseudostenhelia); èõ ýíäîïîäèò ñ îäíîé äëèííîé ùåòèíêîé íà íàðóaeíîì áîêîâîì êðàå (Stenhelia), à íå ñ òðåìÿ äëèííûìè ùåòèíêà-ìè. Ìîíîôèëåòè÷íîñòü Stenheliinae Brady, 1880 ïîäòâåðaeäàåòñÿ ñëåäóþùèìè àïî-ìîðôíûìè ìîðôîëîãè÷åñêèìè ïðèçíàêàìè íàóïëèóñîâ ñòåíõåëèíèä (âûÿâëåííûõ â õîäå ñðàâíåíèÿ íàóïëèóñîâ Stenhelia è Pseudostenhelia ñî âñåìè äðóãèìè íàóïëè-óñàìè îëèãîàðòíûõ ãàðïàêòèêîèä, âûáðàííûõ â êà÷åñòâå âíåøíåé ãðóïïû): áîêî-âûå êðàÿ ãîëîâíîãî ùèòà íàóïëèóñîâ ñ áóãîðêàìè (Stenheliinae), à íå áåç áóãîðêîâ (Oligoarthra); aeåâàòåëüíûé âûðîñò âòîðûõ àíòåíí ñ âååðîîáðàçíîé ôîðìîé äèñ-òàëüíîé ÷àñòè (Stenheliinae), à íå ñóaeèâàåòñÿ òåðìèíàëüíî (Oligoarthra); ýêçîïîäèò àíòåíí õîðîøî ðàçâèò, òðåõ÷ëåíèñòûé è èçîãíóò ââåðõ (Stenheliinae), à íå ñëàáî ðàçâèò è ÷åòûðåõ÷ëåíèñòûé (Oligoarthra); ìàíäèáóëû èìåþò ñïåöèôè÷åñêóþ ôîðìó è íàïðàâëåíèå (Stenheliinae), à íå íàîáîðîò (Oligoarthra); ïîñòåðîëàòåðàëüíûé êðàé ýíäîïîäèòà ìàíäèáóë ñ õîðîøî ðàçâèòûì øèïîì ñ øèïèêàìè íà âíóòðåííåì êðàå (Stenheliinae), à íå áåç òàêîãî øèïà (Oligoarthra); òðè äèñòàëüíûõ ùåòèíêè ýêçîïî-äèòà íåîáû÷íîé ôîðìû (Stenheliinae).
Introduction
In organisms with larval development, morphological characters in both early and late developmental stages, are phenotypes of the same genotype. However, when reconstructing phylogenetic relationships, adult characters are most often used, even though larvae provide a rich source of additional morphological, behavioural, and ecological as well as structural and developmental characters. Evidence from postembryonic stages should complement the data set from the adult organisation, for an individual exhibits different and significant characters at all phases of its ontogeny. Such characters could be used as species-specific character patterns of evolutionary species (Ax, 1987) , as this has been shown for naupliar larvae of the Crustacea (Dahms, 2004a) . Dahms (1990) demonstrated the usefulness of naupliar characters for phylogenetic considerations among the Harpacticoida and Walossek (1993) for Crustacea in general. Several other workers have used naupliar characters of copepods for phylogenetic considerations and their results will be discussed throughout this study.
Compared to other copepod taxa, the postembryonic development of harpacticoids is far less studied despite Dahmss reviews for harpacticoid nauplii (1990) and copepodids (1993) . Our lack of knowledge is exemplified in the large harpacticoid family Diosaccidae, comprising Diosaccinae, Stenheliinae and Miraciinae the latter two hypothesized as sister-taxa by Willen (2000) . All Stenheliinae and some taxa of the Diosaccinae develop nauplii, which are peculiarly shaped in relation to all other nauplii: these nauplii are wider than long, with crab-like appearance and locomotion, i.e. moving sideways. Rosenfield (1967) studied the naupliar development among Diosaccidae and published the naupliar development of Paramphiascella fulvofasciata Rosenfield, Coull, 1974 . Dahms (1986 subsequently compared populations of Paramphiascella fulvofasciata from Massachusetts (studied by Rosenfield) and from Helgoland.
Most peculiar are nauplii of Stenhelia, Delavalia, and Pseudostenhelia, which are the only harpacticoids known to construct and dwell in mucoid tubes (Lorenzen, 1969; Williams-Howze et al., 1987) in all developmental stages. Dahms and Bresciani (1993) gave a historical update of postembryonic research on Stenhelia, described nauplii of Stenhelia palustris, and suggested its exclusion from Diosaccidae on the grounds of its striking naupliar apomorphies. Apstein (1908) was the first author to describe the naupliar exuviae of Stenhelia, probably Stenhelia palustris, followed by Purasjoki (1945) . Both authors, however, did not recognize that their specimens belong to Stenhelia. This was demonstrated later independently by Delamare-Debouteville (1960) and Bresciani (1960) , who also gave the first account of the helicoidal but sideways locomotion of Stenhelia nauplii. Por (1964) raised the taxon Melima Por, 1964 (later synonymized with Stenhelia by Wells and Rao (1987) but resurrected by Willen (2002) ). He stated The creation of the genus Melima, placed next to Stenhelia with its two subgenera brings us closer to the necessary separation of the highly peculiar Stenhelia-like Harpacticoida from the other Diosaccidae. It became clear to Dahms (1990) that nauplii provided a similar hiatus in character performances between S. palustris the only stenheliinid species where nauplii were known (see Dahms, Bresciani, 1993) and all diosaccid nauplii known at that time. This initiated interest in pursuing naupliar characters in this group of phylogenetically related taxa.
There are several reasons why naupliar characters have thus far been widely neglected in systematic and phylogenetic studies, e.g. in difficulties to obtain detailed information on naupliar characters, nauplii provide fewer characters than later ontogenetic instars and adults, lack of appropriate comparative data, and conflicting evidence when comparing adult and naupliar character states.
The present study provides the first description of nauplii belonging to another stenheliinid species, namely Stenhelia peniculata (Lang, 1965) . This enabled us to compare naupliar characters of taxa belonging to the same and to different systematic rank, providing ontogenetic apomorphies for established monophyletic groups, the legitimate approach of reconstructing phylogeny.
Materials and Methods
Nauplii of Stenhelia peniculata (Lang, 1965) were collected from an intertidal mudflat in Auke Bay (58°22N,134°40W) with a hand-held, piston corer (2.6 cm diameter) from March, 1992 to April, 1993 (N.V. Schizas, see Schizas, Shirley, 1996 . Auke Bay is a subarctic embayment with known biota and hydrography (Coyle, Shirley, 1990) , approximately 19 km north of Juneau, Alaska. Samples were preserved in 10% buffered formalin and stained with Rose Bengal to facilitate sorting. The sediment samples were washed through a 500 µm sieve to exclude macrofauna and a 39 µm sieve to retain meiofauna. Specimens designated for light microscopical study were fixed in 5% formalin and embedded in W15 (C. Zeiss company). Mounting and further treatments of fixed naupliar stages are described by Dahms (1990 Dahms ( , 2004b . As the nauplius eye soon loses colour and shape in the embedding medium, it was omitted in the drawings. Measurements are given from the frontal portion of the naupliar shield to the caudalmost protrusion of the hind-body (length) and widest lateral tips of the naupliar shield (width); only the specimens drawn were considered for the lengths measurements. Otherwise, 25 specimens per stage were used for the investigation of stage-specific variability. Species identification was done with the aid of Langs (1948 Langs ( , 1965 
Description
Individuals of all six naupliar stages are strictly benthic and move sideways. They are wider than long in shape and not pigmented except for the red eye. The cephalic shield covers the whole body including the hindbody in all naupliar stages (Figs. 1, 2).
Nauplius I (Figs. 1, 35) Body length 63 µm, body width 108 µm. The body is wider than long and the cephalic shield shows lobular bulges at both lateral sides. The hindbody bears 1 seta (=the initial furca), arising from a protuberance on each caudal side and a row of short spinules in between. The almost circular labrum is furnished with hairy spinules along its lateral and distal edge. The unornamented sternal field wall arises as a lappet-like fold from under the labrum, in between the second antennae.
The first antenna is 3-segmented. The 1 st segment is unornamented. The 2 nd segment bears 2 tiny setae, 1 tiny process between them and 1 outer distal row of spinules. The distal segment is armed with 3 setae, the outermost strong and outwardly curved, 1 aesthetasc, and 1 row of spinules, at the outer anterior distal corner (Fig. 3) .
The second antenna bears a large coxa medially drawn out into a masticatory process, which widens and becomes fan-shaped distally (Fig. 4) . The coxa has a proximal seta; the masticatory process bears a gnathobase at its blade-like median edge, split into 2 spiniform projections which bear 2 inner spinules and points under the labrum towards the recessed mouth opening. Between the anterior and posterior spiniform projections of the gnathobase there is a fine membrane covered with a row of spinules. The basipod bears 2 inner longer proximal and 2 shorter distal setae medially. The tubular endopod, being as long as the first exopodal segment, bears 2 median setae, 1 short terminal, stout, spinulose claw-shaped seta, 1 taller seta on its outer terminal edge and 1 inner setule. The extended exopod is 3-segmented. The proximal segment is twice as long as the endopod. On the outer margin of the first segment, medially there is a flap-like, unornamented notched process. The shorter 2 nd segment bears 1 long spinulose seta and the 3 rd segment is armed with 1 subterminal and 2 terminal spinulose setae (Fig. 4) .
The mandible is made of a short proximal portion (=initial coxa) with one setulate seta medially, a large basipod (Fig. 5) . At its base the basipod is elongated into a short protrusion bearing 1 setulate seta. The surface of the basipod is furnished with a row of spinules at the inner and outer distal corner. The 1-segmented endopod arises from the first third of the inner edge of the basipod and bears 2 and another 1 stout spinulose seta, and 2 very small setae laterodistally. The exopod is 1-segmented and slightly lengthening in its first fifth. The proximal part is tubular, about 3.5 times as long as wide, and unornamented throughout the naupliar phase; it bears 1 spinulose seta in the proximal fifth of the outer edge, and, an innermost spine furnished with heavy spinules in its distal half and with a row of spinules along the outer edge up to the tip and a subterminal spinulose spine (Fig. 5 ).
Nauplius II (Figs. 1, 35) Body length 80 µm, body width 130 µm. N II differs from N I in the following aspects:
Sternal field wall is ornamented with spinule rows midlength along its caudal margin; it also shows 2 short median convex rows of spinules on both lateral sides (=initial paragnaths) (Fig. 1) .
The gnathobase of the antenna has a tripartite inner process (Fig. 4) . Its proximal basipodal seta as long as the whole gnathobase.
The mandibular basipod bears a second seta on its inner proximal corner. There is an additional seta on the mandibular endopod. A small seta is added at the proximal outer margin of the exopod; the exopod becomes slightly Sshaped.
Nauplius III (Figs. 1, 35) Body length 95 µm, body width 160 µm. N III differs from N II in the following aspects:
First antenna with 1 additional median seta on its distal segment (Fig. 1) .
Antennal gnathobase bears a strong spinulose seta at base of its masticatory process (Fig. 4) . Its endopod with an additional 3 rd seta proximally on its inner margin and a 3 rd seta accompanying the terminal subchelate seta at its base. The proximal portion of the first exopod segment shows a 4 th median seta midlength and a posterior 4 th seta on its distal segment. The mandibular basipod obtains a 4 th seta at its proximal corner (Fig. 5) .
Hindbody with 1 tiny additional outer seta on either side.
Nauplius IV (Figs. 1, 35) Body length 110 µm, body width 175 µm. N IV differs from N III in the following aspects:
First antenna with 3 additional setae on the posterior face of its distal segment (Fig. 3) .
The maxillular limb bud appears bearing a single seta (Fig. 1) . There are no changes in the mandible.
Hindbody with a tiny additional inner seta between the innermost and the larger caudolateral seta (Fig. 1 First antennae with an additional small seta posteriorly midlength on the distal segment (Fig. 3) .
The antennal endopod bears a 4 th seta on its inner proximal margin proximal to the other seta (Fig. 4) .
Mandibular basipod with a spiniform 5 th seta medially at its proximalmost corner. Distal exopodal portion stretched considerably (Fig. 5) . The precursor of the first maxilla becomes weakly subdivided and with a 2 nd seta (Mx1). There are 2 other buds of postmandibular appendages visible on both ventral sides (Fig. 2) .
The flanks of the labrum are somewhat bulged.
Hindbody with a 4 th tiny seta on either inner side.
Nauplius VI (Figs. 25) Body length 140 µm, body width 220 µm. N VI differs from N V in the following aspects:
Distal segment of first antenna with 4 additional setae on the anterior face midlength (Fig. 3) . There is a small 5 th seta terminally on the endopod of the second antenna (Fig. 4) .
Mandibular endopod expanded, now revealing its 2-segmented nature; basipodal projection enhanced; coxa still a lobe with 1 styletlike seta.
The precursor of the first maxilla develops a 3 rd inner seta. The inner edge with enditic lobes; 1 seta on the endopod, 1 seta on the presumptive exopod (Fig. 2) .
There are 4 lobular precursors of postmandibular appendages developed on both lateral sides. It is difficult to identify the anterior two unarmed limb-buds. We assume, however, that these represent the first maxilla and maxilliped precursor. As usual also in other copepods, the first two swimming legs are indicated at the 6th nauplius stage. Hence, we interpret the lobe with 1 seta to correspond to leg 1, and further caudally, the lobe with 2 setae to correspond to leg 2 (Fig. 2) , while the second maxilla is missing.
Key for the naupliar stages of Stenhelia peniculata 
Discussion
As hypothesized by Willen (2002) who based her arguments on adult characters, probably neither Stenhelia nor St. Stenhelia and St. Delavalia are monophyletic. The foreshortened naupliar habitus used to unite the Diosaccidae and Stenheliinae as sistergroups is problematical if the Diosaccinae as well as in the Miraciinae the plesiomorphic elongate habitus. The Miraciinae and not the Stenheliinae have been placed as the sistergroup of the Diosaccinae in the system of Willen (2000) .
Willen (2000) reaffirmed the monophyly of the Stenheliinae Brady, 1880, by using adult autapomorphies alone. Willen (2000) demonstrated that the Stenheliinae show the autapomorphies defining the Thalestrioidea and Diosaccidae, respectively. Two alternative explanations can be deduced from this:
1. because of their special non-homologous realization of the male swimming leg 2 endopod, the Stenheliinae have to be removed from both Thalestrioidea and Diosaccidae, which would have the consequence, that all autapmorphies of the Thalestrioidea and Diosaccidae would have developed at least twice independently, or alternatively, 2. have evolved convergently within the Stenheliinae, of which the monophyly is well supported, and could be interpreted as additional autapomorphies of this taxon. The latter alternative was accepted by Willen (2000) stating that there is no evidence to assign the Stenheliinae to any other taxon of the Thalestridimorpha.
The traditional subgeneric division of Stenhelia was abandoned by Mu and Huys (2002) since both subgenera, Stenhelia (Stenhelia) and Stenhelia (Delavalia), are polyphyletic taxa. They tentatively upgraded the latter to generic rank pending a phylogenetic analysis of the Stenheliinae. The genus Stenhelia was restricted to a core group of species formerly allocated to the subgenus Stenhelia (Stenhelia), including S. gibba, S. proxima, S. curviseta, S. divergens, S. peniculata, S. pubescens and two new species, S. sheni and S. taiae described from the Bohai Sea. The genus Beatricella, erroneously considered a junior objective synonym of Stenhelia, was reinstated to accommodate S. aemula as the type species. The problematic S. asetosa was transferred to a new genus Anisostenhelia. S. xylophila was designated as the type of a new genus Hicksia.
-terminal seta as long as 3 rd segment -terminal seta 3 times as long as 3 rd seg. A2 -endopod middle 4 setae of regular size -endopod middle 2 of 4 setae much longer Md -exopod proximal seta long -exopod proximal seta much reduced -enp. outer lateral field with 1 long seta -endopod outer lateral field with 3 long setae Cur -the inner caudal seta one half the -2 caudal setae length than the outer caudal setae Table 2 . Naupliar apomorphies of Stenhelia (as evidenced from Stenhelia palustris and Stenhelia peniculata) and Pseudostenhelia (as evidenced from Pseudostenhelia wellsi cf. Dahms and Fleeger (submitted) . Respective apomorphic character states are highlighted in bold throughout the plesiomorphic character state not in bold. Òàáëèöà 2. Àïîìîðôèè íàóïëèóñîâ Stenhelia (íà îñíîâàíèè äàííûõ ïî ðàçâèòèþ Stenhelia palustris è Stenhelia peniculata) è Pseudostenhelia (íà îñíîâàíèè äàííûõ ïî Pseudostenhelia wellsi ïî Dahms, Fleeger (submitted) . Àïîìîðôíûå ñîñòîÿíèÿ ïðèçíàêîâ âûäåëåíû aeèðíûì øðèôòîì, ïëåçèîìîðô-íûå ñîñòîÿíèÿ áåç âûäåëåíèÿ. Table 1 . Naupliar apomorphies of Stenhelia peniculata (present study) and S. palustris cf. Dahms and Bresciani (1993) . Respective apomorphic character states are highlighted in bold throughout the plesiomorphic character state not in bold. Òàáëèöà 1. Àïîìîðôèè íàóïëèóñîâ Stenhelia peniculata (îðèãèíàëüíûå äàííûå) è S. palustris ïî Dahms, Bresciani (1993) . Àïîìîðôíûå ñîñòîÿíèÿ ïðèçíàêîâ âûäåëåíû aeèðíûì øðèôòîì, ïëåçèî-ìîðôíûå ñîñòîÿíèÿ áåç âûäåëåíèÿ.
Structure Stenheliinae Diosaccinae Body -the lateral edge of the nauplius shield -no protuberances bears protuberances on each side A2 enp -the masticatory process is peculiarly -never fan-shaped fan-shaped distally A2 exp -the antennal exopod is strongly developed, -never strongly developed, 4-seg-3-segmented and upwardly curved mented, not upwardly curved Md -the whole mandible is of unique shape and -not so orientation (basis, endopod and exopod) Md basis -the mandibular basis bears 2 setae at N II -bears 1 seta from N II N IV Md enp -the posterolateral field of the mandibular endopod -not so bears a remarkably strong, inner spinulose spine Md exp -the 3 distal exopodal setae are of unique structure -not so Table 3 . Naupliar apomorphies of Stenheliinae (as evident from Stenhelia palustris, S. peniculata, Pseudostenhelia wellsi) and Diosaccinae (as evident from all foreshortened and elongate naupliar forms known, as described and discussed by Dahms (1990) ). The respective apomorphic character state is highlighted in bold the plesiomorphic character state not in bold. Òàáëèöà 3. Àïîìîðôèè íàóïëèóñîâ Stenheliinae (íà îñíîâàíèè äàííûõ ïî ðàçâèòèþ Stenhelia palustris, Stenhelia peniculata è Pseudostenhelia wellsi) è Diosaccinae (íà îñíîâàíèè äàííûõ ïî ðàçâèòèþ óêîðî÷åííûõ è óäëèíåííûõ ôîðì, îïèñàííûõ è ðàññìîòðåííûõ Dahms (1990) ). Àïîìîð-ôíûå ñîñòîÿíèÿ ïðèçíàêîâ âûäåëåíû aeèðíûì øðèôòîì, ïëåçèîìîðôíûå ñîñòîÿíèÿ áåç âûäåëåíèÿ.
As shown by Dahms (1990) , two groups of distinct naupliar forms occur within the Diosaccinae, foreshortened and elongate ones. Compared to those representatives of the Diosaccinae sensu Willen (2000) with foreshortened nauplii, peculiarities of the nauplii of S. palustris, S. peniculata, and Pseudostenhelia wellsi, have not been given adequate attention as yet. Although the nauplii of the latter three taxa are much wider than long and move sideways as do the foreshortened nauplii of certain diosaccid taxa, they exhibit several unique characters in relation to diosaccinid nauplii in general. Some peculiarities of larvae belonging to S. palustris and nauplii belonging to Diosaccinidae have been discussed by Dahms and Bresciani (1993) . Stenheliinid nauplii exhibit a number of morphological peculiarities so far unknown from other oligoarthran harpacticoids (Table 3 ) (cf. Dahms 1990) and crustacean nauplii (cf. Dahms 2004a) which are interpreted as evolutionary novelties. We hypothesize, therefore, that these naupliar peculiarities common to both, Stenhelia and Pseudostenhelia, are autapomorphies of the Stenheliinae to those of the Diosaccinae (Table 3) with all other known oligoarthran nauplii as an outgroup. As for the habitus, the extremely foreshortened shape and the lateral protuberances of the naupliar cephalic shield are unknown elsewhere in the Harpacticoida and provide a synapomorphy for both taxa, Pseudostenhelia and Stenhelia. As for the Stenheliinae, the first antenna bears a peculiar protuberance on the distal third of the second segment. Its distal segment bears a peculiarly notched inner distal seta. The second antennal exopod bears a flaplike outer protuberance on its first segment. The shape of the stenheliinid mandible is unique with its laterodistally elongated basipod, and the strongly sclerotized exopod with peculiar spiniform setae on its distal segments. These special setae may serve as adjustments for performing vigorous crawling strokes. Although nauplii of Stenhelia (D.) spp. and Pseudostenhelia wellsi are much wider than long and are able to move sideways as the group of foreshortened diosaccid nauplii does, they exhibit a remarkable number of evolutionary novelties (Table 2) . Naupliar characters are sufficiently different at different systematic levels as shown above using S. peniculata as a model and are useful for phylogenetic analysis. S. peniculata shows several naupliar characters which are different to those of S. palustris beyond intraspecific variability. Both species of Stenhelia are demarcated from Pseudostenhelia by even more pronounced and unique naupliar apomorphies. These apomorphic characters in outgroup-comparison to other harpacticoid nauplii confirm the distinct status of Stenhelia and Pseudostenhelia belonging to different monophyla among the Stenheliinae. Also, on wider phylogenetic level, naupliar differences provide apomorphies for Stenheliinae on the one hand and Diosaccinae on the other.
It has to be considered, however, that nauplii are known only from two of the 8 valid species of Stenhelia, 51 species in Delavalia, 5 species in Melima and another 9 in various other stenheliid genera. The situation is similar in the Diosaccinae, being one of the largest taxa within the Oligoarthra concerning the number of species. One has to be aware that statements on autapomorphies of these higher taxa based on larval characters are based on a small database.
